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ENHANCED REMOTE PLASMA CLEANING 

BACKGROUND OF THE INVENTION 

5 The present invention relates in general to methods and apparatus for 

cleaning semiconductor processing equipment, and in particular to remote equipment 
cleaning where the equipment is cleaned without exposure to the surrounding atmosphere. 

In general, manufacturing semiconductor devices involves many 
processing steps performed under extremely clean conditions using semiconductor 
10 processing equipment. At any of the processing steps, the manufactured device may be 
exposed to a seemingly small amount of contamination which may result in a defect to 
^il the device. For example, a contaminant particle as small as 100 A in diameter can result 

iji in a fatal defect in a manufactured device. Thus, reducing contamination during 
semiconductor processing is directly related to device yield and, in turn, profits. 

|tesi» 

til 1 5 The problem of contamination is exacerbated by the continual reduction in 

p| feature size and also by increasing wafer and die sizes. More specifically, decreasing 
. : feature size results in potential defects from ever smaller contaminants. Further, 

hi increasing wafer and die sizes subjects a high cost, larger die device to failure due to a 

m 

r[ single contaminant particle. Alternatively, a large number of smaller die devices on a 
20 larger wafer are subject to contamination by a single contaminant particle. Thus, as 
feature size continues to shrink and wafer and die sizes continue to increase, 
contamination controls must be advanced to allow economically viable semiconductor 
device manufacture. 

One important source of contaminants is the processing equipment itself 
25 Over time, contaminants form on the processing equipment in the form of both 
particulates and films. It is possible for the contaminants to migrate to the device 
resulting in short circuits, open circuits, or other manufacturing defects. In turn, these 
defects reduce manufacturing yields which increase processing costs and reduce profits. 
To avoid migration of contaminants formed on the processing equipment to a device, 
30 processing equipment must be cleaned periodically. The effectiveness and frequency of 
cleaning directly impacts processing costs and device yields. As cleaning semiconductor 
processing equipment directly irhpacts processing costs and device yields, it is desirable 
to develop new and advanced cleaning methods. 



At present, various methods are used to clean semiconductor processing 
equipment. In general, the equipment can be cleaned either by opening a processing 
chamber and manually wiping the chamber (wet clean), or remotely by introduction of 
cleaning elements to a sealed chamber (dry clean). While manually wiping the chamber 
is effective, it is time consuming and interferes with normal substrate processing. 

Alternatively, the equipment can be cleaned remotely. At present, remote 
equipment cleaning is accomplished using a remote plasma method. Both methods utilize 
a cleaning precursor that is often a perflouro-compound (PFC) such as NF3 or CxFy. The 
PFC is dissociated in a plasma to generate highly reactive radicals, such as atomic 
fluorine (F). 

Remote plasma cleaning is a gentle cleaning technique where a remote 
energy source is used to create a plasma and reactive radicals outside of the processing 
chamber. Radicals, such as F, then enter the processing equipment and remove 
contaminants formed on the processing equipment. More specifically, the radicals react 
with contaminants formed on the equipment walls to form reactant gases that are suitably 
discharged from the equipment by an exhaust system. While remote plasma cleaning is 
an effective method, it exhibits a number of drawbacks. 

First, as the fluorine radicals are formed in plasma outside the processing 
equipment and subsequently introduced into the equipment, they are subject to 
recombination before they react with contaminants in the processing equipment. More 
specifically, reactive F radicals recombine to form less reactive F2. These less reactive F2 
molecules are not capable of cleaning the processing equipment. In a typical example, 
more than 90% of F radicals recombine without reacting in the cleaning process. This 
significant recombination loss occurs during transport from the remote plasma source to 
the equipment to be cleaned and results in low cleaning efficiency and increased cleaning 
costs. 

In addition, remote plasma cleaning does not involve physical sputtering 
of residue nor heating of the equipment. Without heating and sputtering, remote plasma 
cleaning proceeds at a slower rate. The slower clean rate reduces cleaning efficiency and 
increases process costs. 

Further, it is difficult to pinpoint the time at which the cleaning has been 
completed, i.e., when the last contaminant on the equipment has reacted with a cleaning 
radical so that it can be discharged fi-om the equipment. The difficulty in detection is due 
to the reliance of typical detection systems on testing of plasma within the equipment. 



This difficulty in determining the completion of the cleaning results in both inefficiency 
and potential errors. 

In contrast,. /«-^z7w RF plasma cleaning involves application of an RF 
energy source to create plasma within the processing equipment. More specifically, a 
precursor gas is pumped into the process chamber and subjected to the RF energy source. 
The RF energy produces a plasma within the precursor gas. Typically, the precursor gas 
includes some form of fluorine and the reaction creates F radicals. Similar to remote 
plasma cleaning, the radicals interact with contaminants formed on the equipment walls 
to form reactant gases that are suitably discharged from the equipment by an exhaust 
system. Since, the in-situ plasma clean generates the desired cleaning chemistry inside 
the process chamber, this approach does not suffer from recombination losses due to 
radical transport fi-om the remote plasma source to the process chamber. 

Unfortunately, while the increased concentration of radicals results in 
higher cleaning efficiencies and effectiveness, the direct exposure to the plasma also 
damages processing equipment. This damage results in increased equipment wear from 
exposing processing equipment to plasmas created firom highly reactive gases, leading to 
equipment failure or downtime. 

In addition, as much as 90% of the precursor gas remains unreacted during 
typical in-situ plasma formation. More specifically, dissociation efficiency can be as low 
as 10% for CF4 used in in-situ RF plasma cleans. As the precursor gases are typically 
PFCs, the low dissociation efficiency of precursor gas results in significant levels of PFCs 
emitted from the cleaning process. It is highly desirable to avoid emission of PFCs as 
they are a contributor to global warming. 

Thus, it can be seen fi-om the discussion above that the art would be 
improved by advanced methods and apparatus for cleaning semiconductor processing 
equipment to increase cleaning rate and efficiency while-reducing PFCs and wear on the • 
equipment. 

SUMMARY OF THE INVENTION 

An embodiment of the present invention comprises a cleaning system 
adapted for cleaning a semiconductor processing equipment. The cleaning system is 
operable to dissociate a gas in a remote dissociator and transfer the dissociated gas to an 
equipment to be cleaned. A portion of the dissociated gas which re- associates before 



introduction into the equipment is dissociated in the equipment. The dissociated gas is 
operable to clean the equipment. 

Other embodiments include methods for cleaning a semiconductor 
processing equipment. The methods comprise introduction of a precursor to a dissociator, 
5 dissociating the precursor to create radicals, and introducing a portion of the radicals to 
the equipment to be cleaned. The methods further comprise introducing another portion 
radicals which re-associate into the equipment where they are dissociated. The radicals 
are operable to clean the equipment. 

Some embodiments include a controller for controlling the cleaning 
10 system. The controller is coupled to a memory which includes a computer-readable 
"^^1 program for directing control of the system. Some embodiments include an optical 

^f) endpoint detector which indicates cleaning completion. 

III These and other embodiments of the present mvention are descnbed m 

7j more detail in conjunction with the text below and attached figures. 

11115 

p BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a simplified schematic of an equipment cleaning system according 
to the present invention; 
20 Fig. 2 is a diagram of a remote plasma system; 

Fig. 3 is a flow diagram showing a simultaneous combination of activity in 
the remote and local plasma systems according to the present invention; 

Fig. 4 is a flow diagram showing a combination of sequential and 
simultaneous activity in the remote and local plasma systems; and 
25 Fig. 5 is a diagram plotting cleaning process completion time. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

The present invention provides systems and methods for cleaning 
30 contaminants from equipment. An embodiment of the present invention is particularly 
suited for cleaning equipment including, but not limited to, parallel plate reactors. 
However, it should be recognized that the present invention is applicable to cleaning a 
wide variety of equipment. 
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Elements of the present invention are described in relation to a diagram of 
a cleaning system 100 as illustrated in Fig. 1. Referring to Fig. 1, some embodiments of 
cleaning system 100 include an equipment to be cleaned 110, which in an embodiment is 
a process chamber used to process semiconductor substrates. Additionally, an 
5 embodiment of system 100 includes a processor 130, a processor memory 132, a local 
plasma system (described below), a gas mixing block 136, a remote plasma system 138, 
and an endpoint detector 180. Equipment to be cleaned 1 10 includes, but is not limited 
to, a faceplate 1 12, a faceplate orifice 1 14, a bottom faceplate 1 16, and a bottom face 
plate ground 118. The local plasma system includes, but is not limited to, a power source 
10 134, faceplate 1 12, bottom faceplate 116, bottom face plate ground 1 18, and an 
interconnect 170. 

Operation of system 100 is facilitated by various interconnects and valves. 

'^5) The valves include a remote valve 140 and an exhaust valve 142. The conduits include a 

111 

l|1 gas inlet conduit 150, a remote inlet conduit 152, transport conduits 154 and 158, and an 
^ 15 exhaust conduit 120. Processor 130 is connected to gas mixing block 136 by an 
=^ interconnect 160, to remote plasma system 138 by an interconnect 162, to power source 

SI 134 by an interconnect 164, and to processor memory 132 by an interconnect 166. Power 
I ' J source 134 is connected to faceplate 112 of equipment 1 10 by interconnect 170. 
iSl Remote plasma system 138 is preferably a remote microwave plasma 

20 system. However, it should be recognized by one skilled in the art that any system 

capable of dissociating elements to form cleaning radicals remote from equipment 1 10 
can be used in accordance with the present invention. 

In an embodiment, remote plasma system 138 acceptsa_ precursor gas via 
remote inlet conduitl52 and forms a plasma in the precursor gas which causes 
25 disassociation of the precursor gas to form cleaning radicals. Preferably, the cleaning 
radicals are F atoms or F"^.. ions derh^d from a precursor gas- such as^NF a or CxF y^ 
Alternatively, the precursor gas can be any liquid, gas or solid which can be reacted to 
form cleaning radicals. The c leaning radic^s are not limited to forms of fluorine, but 
rather can be any element, such as chlorine, that is capable of reacting with contaminants 
30 on equipment surfaces. Remote plasma system 138 provides high efficiency dissociation 
of the precursor gas. In an embodiment, a dissociation for NF3 of greater than 90% is 
achieved. In altemative embodiments, a dissociation of greater than 40%, greater than 
60% or greater than 80% is achieved. In general, a high dissociation efficiency can be a 
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dissociation of greater than 90 %. This high dissociation efficiency results in reduced 
PFCs emitted as exhaust gasses along with reduced quantities of precursor gas. 

Referring to Fig. 2, an embodiment of remote plasma system 138 is 
described. It should be noted that the discussion of remote plasma system 138 is adapted 
5 from disclosure provided in U.S. Patent No. 5,939,83 1 entitled Methods and Apparatus 
for Pre-Stabilized Plasma Generation for Microwave Clean Applications, and U.S. Patent 
No. 5,812,403 entitled Methods and Apparatus for Cleaning Surfaces in a Substrate 
Processing System both assigned to the assignee of the present invention and both 
incorporated herein by reference. Remote plasma system 138 is preferably adapted for 
10 performing periodic cleaning of undesired contaminants from surfaces of equipment 110. 
Remote plasma system 138 receives precursor gases via input line 152 which are 
=D energized by microwave radiation to create plasma comprising cleaning radicals. The 
p cleaning radicals are then sent via transport conduits 158 and 154 for dispersion through 

f^l face plate orifice 114 and into equipment 110. 

Ill I 

15 Remote plasma system 138 includes an applicator tube 210, a plasma 

'2. ignition system (described below), a microwave guide system (described below), 

1^'^'! optimizing elements including an impedance matching system 212, which may include an 
H optional phase detector 214 for embodiments requiring feedback for automatic impedance 
J}^ matching. A circulator 216 with a load 218, and a magnetron 220 are also included with 
M20 remote plasma system 138. 

Magnetron 220 is a typical magnetron source capable of operating between 
500 and 2500 watts for continuous wave (CW) or pulsed output of microwaves of about 
2.45 gigahertz (GHZ) frequency. Magnetron 220 is powered by power supply 222 which 
may be remotely located from magnetron 220. Of course, other magnetrons may be 
25 utilized as well. Microwaves from magnetron 220 are transmitted to the microwave wave 
guide system which includes various lengths of straight and curved .wave guide sections 
224 and 226 which can be connected together at joints 228. Interspersed within the wave 
guide system are optimizing elements that work to provide low loss, maximum 
microwave transmission with minimized reflection losses and to protect magnetron 220 
30 from damage due to reflective power. The description below follows the desired 
direction of microwaves from magnetron 220 toward applicator tube 210. 

In an embodiment, magnetron 220 is connected to a circulator 216. 
Circulator 216 allows only forward microwave transmission from magnetron 220 toward 
applicator tube 210. Load 218 absorbs any power that might be reflected back from the 
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wave guide system towards magnetron 220. Circulator 216 and load 218 thereby direct 
microwaves in the forward direction and protect magnetron 220 from damage from 
reflective power. Circulator 216 connects to wave guide section 224 that is connected to 
phase detector 214 which is connected to another wave guide section 224. Phase detector 
5 214, if utilized, is coupled via curved wave guide section 226 to another wave guide 
section 224 having attached impedance matching system 212. Impedance matching 
system 212, which may use stub tuners or other tuning elements, provides remote plasma 
system 138 with the ability to match a load at wave guide section 230 to 50 Ohms, the 
characteristic impedance of the wave guides. Impedance matching system 212 may 
10 provide fixed tuning, manual tuning or automated tuning according to specific 

^'^^ embodiments. For embodiments using automated tuning, phase detector 214 is a 3-diode 

"•{} 

i|j array which detects the phase of microwaves transmitted for feedback to impedance 

ijl matching system 212, which intelligently and dynamically matches the load 

'^•^ appropriately. In an embodiment, wave guide sections 224 and 226 have rectangular 

ill 15 cross sections but other types of wave guides may also be used. 

1^ As illustrated in Fig. 2, microwaves directed through the wave guide 

■^i system are transmitted from output wave guide section 230 to applicator tube 210 where a 

its is 

\d plasma is created. Applicator tube 210 has an input feed line 152 that receives precursor 
i!l gases that are energized from microwaves emitted from magnetron 220 via the wave 

20 guide system and other optimizing elements. Applicator tube 210 is preferably a circular 
tube made of a composite or ceramic material, such as alumina, or other material resistant 
to etching by radicals in the plasma. In an embodiment, applicator tube 210 has a length 
of about 18-24 inches and a cross section diameter of about 3-4 inches. Applicator tube 
210 is disposed through wave guide section 230, which is open at one end for transmitting 

25 microwaves and is terminated at the other end. Microwaves are thus able to pass through 
the open end of wave guide section 230 to precursor gases inside applicator tube 210 
which is transparent to microwaves. Of course, other materials such as sapphire may also 
be used for the interior of applicator tube 210. In other embodiments, applicator tube 210 
may have a metal exterior and an interior made of composite or ceramic material. 

30 In an embodiment, a plasma can be ignited by a plasma ignition system 

which includes an ultraviolet (UV) lamp 232 and a UV power supply 234, which can 
optionally be mounted on the wall of wave guide section 230. Of course, UV power 
supply 234 may be mounted in various other locations besides the wall of wave guide 
230. Powered by UV power supply 234, UV lamp 232 provides the initial ionization of 



the plasma within applicator tube 210. Microwave energy then sustains the ionization of 
the ignited plasma to create cleaning radicals that enter inlet 236 leading to equipment 
1 10 via valve 140. Due to changes in load within applicator tube 210 from the 
introduction and ionization of precursor gases within applicator tube 210, use of matching 
system 212 optimizes the microwave energy coupling efficiency. In some embodiments 
impedance matching system 212 includes at least one stub tuner under the control of 
processor 130. As mentioned above, other conventional tuning elements may also be 
used in impedance matching system 212. 

Created cleaning radicals are input through inlet 236 into the passage and 
enclosure assembly 238 which is equipped with a liner 240 preferably made of 
polytetraflouroethylene (PTFE). PTFE, which is commercially available for example as 
Teflon™ (TPFE), is resistant to etching or deposition from the radicals input at inlet 236. 
Further, liner 240 inhibits fluorine radical recombination in the passage during cleaning 
processes. Liner 240 also may be made of fluorinated material including fluorinated 
polymer such as PFA (which is a polymer combining the carbon-fluorine backbone of 
polytetrafluouroethylene resins with a perfluoroalkoxy side chain), fluorinated ethylene- 
propylene (TFE), or the like. The passage is preferably circular in cross-section or other 
type of cross-section to match the cross-section of inlet 236 and applicator tube 210. 
From enclosure assembly 238, cleaning radicals flow into conduit 158 to equipment 110 
via remote valve 140. 

Referring again to Fig. 1, processor 130 combined with processor memory 
132 provide control for system 100. Processor 130 control includes controlling operation 
of the local plasma system including power source 134, remote plasma system 138, gas 
mixing block 136, endpoint detector 180, and valves 140 and 142. Acting as controller, 
processor 130 executes control software, which is a computer program stored in the 
processor memory 1 32. Preferably, processor memory 132 may be a hard disk drive or 
random access memory, but of course processor memory 132 can be other kinds of 
memory. Processor 130 executes control software, which includes sets of instructions 
that dictate the timing, mixture of gases, equipment pressure, equipment temperature, 
power levels, and other parameters of a particular process. Preferably, control software is 
written in any computer readable programming language such as, for example, 68000 
assembly language, C, C-f-+, Pascal, Fortran, or other language. 

Gas mixing block 136 is preferably a dual input mixing block coupled to 
gas inlet conduit 150 and transport conduit 158. Gas inlet conduit 150 typically carries 
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process gasses to system 100 while transport conduit 158 typically carries cleaning 
radicals from remote plasma system 138. Altematively, gas mixing block 136 can be any 
system capable of mixing gases introduced from one or more sources. 

In some embodiments, remote valve 140 isolates the cleaning process from 
5 other processes performed with equipment 110. Remote valve 140 normally remains 
closed while equipment 1 10 is not being cleaned. In the closed position, remote valve 
140 prevents elements in conduit 158 from being introduced to equipment 110 during 
manufacture of a device. Further, remote valve 140 reduces the dead volume of conduit 
158 during use of equipment 110. Remote valve 140 is preferably made of PTFE to 
10 minimize damage or deposition onto the closed remote valve 140 during use of 
••^! equipment 110. In an exemplary embodiment, remote valve 140 is a particle grade gate 

valve. In some embodiments using remote valve 140, only when equipment 1 10 is used 
for a device cleaning step or when equipment cleaning is performed, does remote valve 
7* 140 open to allow cleaning radicals to flow into gas mixing block 136, as illustrated in 

111 15 Fig. 1. As implied above, in some embodiments, remote valve 140 is not used at all. Any 

=*■ 

r| cleaning radicals in remote system 138 may then flow through passages and mto 
/^^ equipment 110. 

m Endpoint detector 180 can be any system capable of determining the 

completion of a cleaning process performed on equipment 110. Endpoint detector 180 

20 can be further capable of indicating completion of the cleaning process to processor 130. 
In an embodiment, endpoint detector 180 is a low-cost, optical emission endpoint detector 
which can determine the endpoint of a cleaning process by detecting changes in light 
intensity that occur due to absorbance of light by plasma in equipment 1 10. Use of a low 
cost endpoint detector is advantageously facilitated by the existence of plasma in 

25 equipment 110 resulting from the present invention. In an altemative embodiment, a 
higher cost endpoint detector 180 coupled to exhaust conduit 120 of equipment 110 can 
be used to detect changes in light intensity due to absorbance of light by exhausted gas 
reactants such as SiFx. While two types of endpoint detectors have been described, it 
should be recognized that other methods and/or apparatus for determining completion of a 

30 cleaning process can be used in accordance with the present invention. 

As the cleaning reactions proceed, fewer and fewer contaminants remain 
on equipment 1 10. After substantially all contaminants have been removed, endpoint 
detector 180 signals cleaning completion and remote valve 140 is closed to prevent 
additional cleaning radicals from entering equipment 110. It is valuable to properly 
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determine cleaning process completion as continued introduction of cleaning radicals 
increases wear on equipment 110. 

The local plasma system can be any system capable of dissociating 
elements to form cleaning radicals in equipment 1 10. The local plasma system includes 
power source 134 which can be any power source capable of producing sufficient energy 
to dissociate a gas resulting in the creation of cleaning radicals. In some embodiments, 
the RF power source is a 13.56 MHz, 300 - 400kV source. In an embodiment, the local 
plasma system operates by initiating power source 134 to apply power to face plate 112 
via interconnect 1 70. The power applied is referenced to bottom face plate ground 1 1 8. 
By application of power to face plate 1 12, a voltage differential is produced in equipment 
1 10 which creates a plasma within a gas contained in equipment 110. Creation of the 
plasma results in the creation of cleaning radicals in equipment 110. In-situ RF plasma 
cleaning is a combination of pure chemical and ion-assited cleaning. The cleaning 
radicals created in equipment 110 react with contaminants on equipment 1 10 to form 
exhaust gases. The reaction acts to clean equipment 110. 

Of special interest, the local plasma.system can,diss ociate radica ls created 
by remote plasma system 138 which recombined to form le ss reactive elements du ring 
transit fr^mjempje^glas^^ Advantageously, this 

secondary dissociation maximizes concentration of cleaning radicals within equipment 
110 without further increasing PFC exhaust gases. Thus, the local plasma system can 
effectively reverse at least some of the transport related re combination of c leaning 
radicals. 

In addition, creation of plasma in equipment 1 1 0 by the local plasma 
system causes a temperature increase in equipment 110. As chemical etching reaction 
rates tj^ically display an exponential dependence on temperature, the increased 
temperature can boost reaction rates between cleaning radicals and contaminants on 
equipment 110. This increased reaction rate advantageously results in an increased 
cleaning rate. 

The cleaning rate is further increased due to creation of ions through use of 
the local plasma system. For example, some cleaning radicals which recombine during 
transport are dissociated into reactive ions such as F"^. These ions impact equipment 110 
surfaces with significant energy resulting in an increase in the cleaning rate. By tightly 
controlling the local plasma system, undue wear to equipment 110 due to ion 
bombardment is limited. 



10 



Thus, some embodiments of the present invention damage to chamber 
hardware is reduced by decreasing ion bombardment. This can be done by keeping in- 
situ RF power as low as possible without degrading cleaning ability. Another approach 
involves reducing gas mass by, for example, using lower mass gasses such as Helium. 
Further detail about the cleaning process is provided with reference to Fig. 3 and Fig. 4. 
Fig. 3 is a flow diagram showing a combination of activity in remote plasma system 138 
simultaneous with activity in the local plasma system to effectuate a clean of equipment 
1 10. A simultaneous process 300 starts 310 by introduction 312 of a precursor gas into 
remote plasma system 138 via inlet conduit 152. At roughly the same time as 
introduction 312, an open remote valve step 314 is performed. Opening remote valve 140 
allows elements to flow from remote plasma system 138 to equipment 1 10. 

With the precursor gas in remote plasma system 138, dissociation of the 
precursor gas 316 is performed. Dissociation of the precursor gas 316 creates cleaning 
radicals which enter equipment 1 10 in step 318. The cleaning radicals enter equipment 
110 via conduits 158 and 154 while passing through gas mixing block 136, remote valve 
140, and plate orifice 1 14. On route, many of the cleaning radicals combine with other |j 
radicals to form less reactive elements. For example, radical F can recombine to form li 
less reactive element F2. Ultimately, cleaning radicals which enter equipment 1 10 in step ll 
318 without recombining, clean equipment 1 10 by reacting with contaminants on surfacesi 
of equipment 1 10 to form exhaust gases, such as SiFx. ' 

Roughly coincident with step 318, an open exhaust valve 142 step 320 is 
performed. Opening exhaust valve 142 allows exhaust gases formed during the reaction 
between radicals and contaminants to be exhausted from equipment 110. 

To increase cleaning effectiveness, the less reactive elements discussed in 
association with step 3 16 are dissociated 322 in equipment 1 1 0 by the local plasma 
system to re-create radicals. Both the radicals created in step 316 and the radicals created 
in step 322 react with contaminants remaining on equipment 110. When reactions 
between contaminants and radicals adequately diminish, endpoint detector 1 80 signals 
process end 324, In an embodiment, endpoint detector 180 signals process end 324 when 
an output voltage signal is greater than 95% of a maximum output voltage signal. In 
some embodiments, an endpoint is determined by measuring rate of change of ongoing 
reactions, where the exact endpoint is determined based on the specific film. Exact 
endpoint criteria depend on film. At process end 324, both remote valve 140 and exhaust 
valve 142 are closed in respective steps 326 and 328. Further, dissociation in the remote 
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plasma system 138 and the local plasma system dissociation are stopped in respective 
steps 330 and 332. 

An exemplary embodiment involves application of the present invention to 
hard-to-clean residues such as Amorphous carbon films such as, but not limited to. 
Applied Materials BLOk™. Removing BLOk residues is not possible using an existing 
remote clean method. BLOk residue can be cleaned using existing in-situ CF4 RP plasma. 
However, use of the in-situ clean results in the undesirable effects described in relation to 
in-situ RF plasma cleaning. Further, after only a hundred 500A-deposition/clean cycles, 
the process is seen to drift and a polymer residue is observed on the equipment. 

Using the present invention, the BLOk residue can be effectively removed. 
Referring again to Fig. 3, an NF3 precursor gas is introduced into remote plasma system 
138. In.step 316, the NF3 is dissociated to form fluorine radicals (F) and nitrogen (N2). 
In step 318, the basic reaction is: 

Si-C-H + F + N2-^ SiFx + (CH)n + N2 + minor by-products 

v^here the fluorine radicals generated v^ithin remote plasma system 138 combine with the 
silicon in the BLOk filni to form SiFx (e.g., predominantly SiF4 gas) and leave behind a 
polymer film of the form (CH)n. Further, the number of fluorine radicals is increased by 
activating the local plasma system in step 322 which also act to heat equipment 110 and 
stimulate ion bombardment. 

Additionally, oxygen (O2) is injected into equipment 110 via inlet conduit 
150, The oxygen acts to remove the remaining film (CH)n by combining with the carbon 
in the film to form volatile COy by-products. The resulting reaction is: 

Si-C-H + F + O2 ^ SiFx + COy + HF + NHz + minor by-products 

Thus, the present invention effectively cleans a hard to clean substance which previously 
could only be cleaned by existing in-situ RF plasma with all the negative effects 
associated with this type of cleaning. For example, remote plasma generation results in 
higher dissociation and lower PFC output than in-situ RF plasma. Additionally, the 
present invention is more gentle leading to reduced damage to the cleaned equipment. 



12 



Such reduction in damage is at least partially attributable to reduced ion bombardment 
resulting from lower power levels. 

Turning now to Fig. 4, Fig. 4 is a flow diagram showing a combination of 
activity in remote plasma system 138 sequentially followed by activity in the local plasma 
system to effectuate a clean of equipment 110. A sequential process 400 starts 410 by 
introduction 412 of a first precursor gas into remote plasma system 138 via inlet conduit 
152. At roughly the same time as introduction 412, an open remote valve step 414 is 
performed. Opening remote valve 140 allows elements to flow from remote plasma 
system 138 to equipment 1 10. 

With the first precursor gas in remote plasma system 138, dissociation of 
the first precursor gas 416 is performed. Dissociation of the first precursor gas 416 
creates cleaning radicals which enter equipment 1 10 in step 418. The radicals enter 
equipment 1 10 via conduits 158 and 154 while passing through gas mixing block 136, 
remote valve 140, and plate orifice 114. On route, many of the radicals combine with 
other radicals to form less reactive elements. Ultimately, cleaning radicals which enter 
the equipment 1 10 in step 418 without recombining, react with contaminants on 
equipment 1 10 to form exhaust gases, such as SiFx. 

Roughly coincident with step 418, an open exhaust valve 142 step 420 is 
performed. Opening exhaust valve 142 allows gases formed during the reaction between 
radicals and contaminants to be exhausted from equipment 110. After the radical 
contaminant reactions sufficiently stop, endpoint detector 180 signals a process end 422. 

After process end 422, a second precursor gas is introduced 424 into 
remote plasma system 138 via conduit 152. With the second precursor gas in remote 
plasma system 138, dissociation of the second precursor gas 426 is performed. 
Dissociation of the second precursor gas 426 creates cleaning radicals which enter 
equipment 1 10 in step 428. Similar to the discussion associated with step 418, a number 
of the radicals recombine during transport from remote plasma system 138 to equipment 
1 10 to form less reactive elements. Again, for example, radical F can recombine to form 
less reactive element F2. To increase cleaning effectiveness, the less reactive elements 
are dissociated 430 in equipment 1 10 by the local plasma system to re-create radicals. 
Both the radicals created in step 426 and the radicals created in step 430 react with 
contaminants remaining on equipment 110. As with the process described in relation to 
Fig. 3, when reactions between contaminants and radicals adequately diminish, endpoint 
detector 180 signals process end 432. Again, in an embodiment, endpoint detector 180 
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signals process end 432 when an output voltage signal is greater than 95% of a maximum 
output voltage signal. In some embodiments, an endpoint is determined by measuring 
rate of change of ongoing reactions, where the exact endpoint is determined based on the 
specific film. At the process end 432, both remote valve 140 and exhaust valve 142 are 
closed in respective steps 434 and 436. Further, dissociation in remote plasma system 
138 and dissociation in the local plasma system are stopped in respective steps 438 and 
440. 

During the process, pressures in the chamber can be in the order of 0- 50 
Torr, and preferably from 0-10 Torr: In the remote plasma source, pressure can be less 
than 25 Torr, and preferably about 10 Torr. 

An embodiment according to the flow diagram of Fig. 4 advantageously 
uses the local plasma system only when required, thus reducing energy consumption and 
damage to equipment 110. 

Another benefit of the present invention is increased throughput relative to 
an existing remote plasma cleaning process. The benefit is illustrated by experimental 
data presented as Fig, 5. Specifically, Fig. 5 illustrates a comparison between the present 
invention and existing remote plasma cleaning. For control, both existing remote plasma 
cleaning and the present invention were performed individually after a similar TEOS 
oxide deposition in equipment 110. An X-axis 510 represents time measured from a start 
515 to an endpoint 530 where the cleaning is complete. X-axis 510 is incrementally 
cross-hatched with numbers representing the time required for the present invention to 
fully perform the clean relative to the time required for the existing remote plasma 
process to perform the same clean, A Y-axis 520 represents progress of the cleaning 
process. Y-axis 520 is incrementally cross-hatched with numbers representing a voltage 
retumed from endpoint detector 180 divided by a voltage indicative of cleaning 
completion (i.e. VA^max). The progress of the clean as a function of time is shown as line 
540. As illustrated in Fig. 5, the present invention performed the clean in only 80% of the 
time required by the existing remote plasma clean. 

Thus, the present invention advantageously provides an effective, high- 
efficiency clean with low PFC emissions that result in decreased cost of ownership via 
decreased gas costs and increased throughput via increased clean rates. In addition, the 
present invention provides a better altemative for cleaning processes such as BLOk while 
significantly reducing PFCs and wear to processing equipment. 
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It is to be understood that the above description is intended to be 
illustrative and not restrictive. Many embodiments will be apparent to those of skill in the 
art upon reviewing the above description. By way of example, the invention herein has 
been illustrated primarily with regard to use of NF3 and CxFy precursor gases, but it is not 
so limited. It should be recognized that one skilled in the art would understand to apply 
different precursor gases according to the present invention to derive a desired result. 
Additionally, various aspects of the present invention may also be used for other 
applications. Those skilled in the art will recognize other equivalent or alternative uses 
for the present invention while remaining within the scope of the claims. The scope of 
the invention should, therefore, be determined not with reference to the above description, 
but should instead be determined with reference to the appended claims, along with the 
full scope of equivalents to which such claims are entitled. 
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